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1
SAMPLE PREPARATION SYSTEM AND
METHOD FOR PROCESSING CLINICAL
SPECIMENS

This patent application claims the benefit of U.S. provi-
sional patent application Ser. No. 60/910,565, filed on Apr. 6,
2007.

FIELD OF THE INVENTION

The sample preparation system and method relates to the
processing of clinical samples or specimens. In certain
aspects, the system and method relates to the automated trans-
fer of samples or specimens from an initial container or recep-
tacle to a destination container or receptacle. In other aspects,
the system and method relates to transfer of samples or speci-
mens to a destination container or receptacle for further pro-
cessing, to perform an assay, or to perform other analysis. In
other aspects, the system and method relates to transfer of
portions of samples or specimens to a destination container or
receptacle and the preservation of the remaining samples or
specimens for further processing, assays, analysis, archiving,
or other uses or purposes.

BACKGROUND

With increasing need for medical diagnostics, increasingly
large volumes of clinical samples are being processed. Pro-
cessing of clinical samples and specimens can involve,
among other things, the transfer of samples or specimens to
containers or receptacles suitable for the diagnostic testing to
be performed. Processing of samples and specimens can
include steps of accessing the contents of an initial container
or receptacle, for example by removing the cover, removing a
portion of the contents, and transferring a portion of the
contents to a destination container or receptacle. In some
situations, processing can include replacing the cover of or
otherwise closing the initial container or receptacle to pre-
serve the remaining contents for further testing or archiving.

The processing of large numbers of samples and specimens
increases the time in providing results of the diagnostics,
increases the exposure of workers to repetitive motion disor-
ders and to potentially bioharzardous materials, reduces con-
sistency of sample or specimen preparation, and increases the
cost of the diagnostic procedure. As the volume of medical
diagnostic testing increases, the number of samples and
specimens that require processing increases. Automation of
the sample preparation process for medical diagnostic testing
addresses the issues identified above by reducing the time
required to process specimens, reducing the exposure of
workers to repetitive motion and biohazardous materials, pro-
viding for consistency in the processing of samples, and help-
ing to contain the cost of processing specimens.

BRIEF SUMMARY

In one aspect, the present system is an instrument for the
automated handling of medical samples for molecular analy-
sis. The instrument uses several mechanical arms and devices
to manipulate vials or other containers or receptacles contain-
ing medical or clinical specimen or sample material. In
another aspect, the present system provides a method of auto-
matically processing medical or clinical specimens or
samples for molecular or other diagnostic analysis. In an
illustrative embodiment, the present system autonomously
processes cytological samples and specimens for molecular
analysis. Autonomous processing of samples and specimens
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may include accessing the contents of an initial container or
receptacle, for example by removing a cap or cover, removing
all or a portion of the contents, transferring all or a portion of
the contents to a destination container or receptacle, and, in
some embodiments, replacing the cover of or otherwise clos-
ing the initial container or receptacle to preserve the remain-
ing contents for further testing or archiving.

In one aspect, a sample preparation system (SPS) is a
microprocessor-controlled robotic device that automates the
processing of clinical specimens contained in vials or other
containers to destination receptacles for further processing
and assay analysis. The SPS is able to automatically process
large numbers of sample- or specimen-containing vials and
other containers. The microprocessor-control may be imple-
mented with any logic or processor including, ASIC’s, spe-
cialized logic or other integrated circuits. The automated
control may be implemented with any logic or processor
including, ASIC’s, specialized logic or other integrated cir-
cuits or any other combination of electrical-mechanical or
mechanical control devices.

The manual removal of caps from a vial or other container
to transfer a sample to a destination receptacle and then recap-
ping the vial presents concerns for workers who would be
required to perform this repetitive task for large numbers of
vials or other containers. For example, manual uncapping and
recapping of medical or clinical samples and specimens pre-
sents the potential for exposure to biohazardous materials,
repetitive motion injuries, fatigue, and reduced efficiency.
Embodiments of the SPS are more adept at performing this
repetitive task and reducing overall test turnaround time, and
also in reducing exposure of workers to potential repetitive
motion disorders and biohazardous materials.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

1. Top view of the sample preparation system.

2. Oblique view of the sample preparation system.
3A. Tip Head Assembly

3B. Tip Head Assembly

4A. Staging Platform (Carousel) Assembly

4B. Staging Platform (Carousel) Assembly

5A. Cap Gripping Assembly

5B. Cap Gripping Assembly

DETAILED DESCRIPTION

In one illustrative embodiment, the SPS processes samples
for a molecular diagnostic assay by decapping a vial, allow-
ing access to the contents of the vial, pipetting a volume of
sample from the vial, and recapping the vial. Another further
embodiment of the SPS includes pipetting a predetermined or
specified volume of sample before the vial is recapped. A vial
may contain a liquid sample, a control for a molecular diag-
nostic assay, a specimen to be tested in a molecular diagnostic
assay, or a liquid-based cytology medium containing a speci-
men. The liquid-based cytology medium or sample medium
can be a medium that is compatible with molecular analysis or
a medium that preserves and assists in the transport of speci-
mens for further molecular or diagnostic analysis or for
archiving. Archived samples may be stored and further tested.
The SPS can use specimen samples that have been previously
sampled for other assays. Recapping of specimen samples by
the SPS after specimen processing allows further storage and
sampling of specimens.

The illustrative SPS processes a plurality of capped vials
by agitating each vial to mix the vial contents or resuspend
certain vial contents, decapping the vial, pipetting out an
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aliquot of the contents, and transferring this sample into a
destination receptacle for further processing. In another illus-
trative embodiment, the SPS processes a capped vial by
decapping the vial, pipetting out an aliquot of the contents,
recapping the vial, and transferring the contents into a desti-
nation receptacle for further processing. In yet another illus-
trative embodiment, the SPS processes a capped vial by agi-
tating the vial to mix the vial contents or resuspend certain
vial contents, decapping the vial, pipetting out an aliquot of
the contents, recapping the vial, and transferring the contents
into a destination receptacle for further processing. In other
illustrative embodiments, the SPS processes a plurality of
capped vials by chemically mixing or resuspending some or
all of the vial contents before decapping the vial to pipetting
out an aliquot of the contents or by separating components of
the vial chemically (e.g., precipitation), physically (e.g., cen-
trifugation) or otherwise before decapping the vial to pipet-
ting out an aliquot of the contents. In yet other illustrative
embodiments, the SPS processes a plurality of capped vials
by chemically (e.g., chemical denaturation), physically (e.g.,
heat denaturation) or otherwise treating or transforming the
vial contents before decapping the vial to pipetting out an
aliquot of the contents.

The destination area or receptacle may include any support
or containment area including but not limited to filter paper,
slides, a multiwell plate, a multiwell filtration unit wherein
liquid medium may be removed while sample material is
retained, an array of tubes, a rack of tubes, an array of filtra-
tion units, a rack of filtration units, thermocycler plates, ther-
mocycler tubes, microarray, biochip, or any combination of
the above. Any support or containment area that can handle an
aliquot of sample from a vial or container processed by the
SPS is a suitable destination area or receptacle.

Any specimen or sample vial 12 or other container may be
used in the sample preparation system. Any specimen vial cap
may also be used in the sample preparation system. Suitable
caps include screw caps, plug caps, or any cap that may be
removed by the action ofa capper arm 5. A specimen vial may
include any vial or container that is capable of being handled
by the SPS. A specimen vial may contain samples, blanks,
controls, washes or any fluid or compound that the SPS can
process.

In an illustrative embodiment, the medium used for col-
lecting or transporting medical specimens may be any liquid
medium that is able to preserve a biological specimen for
molecular analysis at a later time. More preferable for the
medium is a liquid-based cytology medium. More preferably
this liquid medium may be used for both cytological and
molecular analysis of the specimen. More preferable is a
medium that may be used for preserving and transporting a
biological specimen. Still more preferable is a medium that is
suitable for preserving and transporting a specimen wherein
the specimen will undergo molecular analysis for microor-
ganisms. Yet still more preferable is a medium where the
specimen will undergo molecular analysis for UPV, Chlamy-
dia, Cytomegalovirus, HIV, Treponema, and/or Neisseria.

In an illustrative embodiment, the SPS comprises a staging
carousel for vials or other containers during decapping and
recapping and the pipetting of vial or container contents. This
staging carousel preferably comprises one or more vial or
container wells of one or more sizes for vial and other con-
tainer holding and gripping.

In an illustrative embodiment, a method of processing
samples comprises transferring vials to a staging carousel so
that a vial can be uncapped, an aliquot removed, and
recapped. In a further illustrative embodiment, the method
further comprises holding the cap while an aliquot is being
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removed. In yet a further illustrative embodiment, the aliquot
that is removed is of a predetermined amount.

Decapping may be accomplished by a device that removes
the cap while another device holds the vial sufficiently sta-
tionary to allow for decapping. For screw or twist-off caps, a
decapping device grasps a vial cap and rotates the vial cap so
that the vial cap unscrews or untwists from the vial. During
decapping, the vial may be held or rendered stationary by a
vial gripping device or by a passive device whereby the vial is
held or rendered stationary by the fit of a specially designed
vial and/or corresponding or mating vial holder. Similarly, a
screw or twist-off cap may be removed from a vial based upon
a cap gripping device or a corresponding or mating vial cap
holder, allowing rotation of the cap. The decapping device
also allows the holding of a cap during sample removal and
the recapping of vials afterward.

Vial gripping may be accomplished by a device that grasps
avial to hold it or render it sufficiently stationary to allow vial
cap removal. In one embodiment, a vial gripping device
grasps a vial during decapping and has the ability to loosen
that grasp so that after recapping, the vial can be moved. An
illustrative sample preparation system incorporates a vial
gripping device that can hold or render stationary any vial,
thereby eliminating the need for a specially designed vial.

In an illustrative embodiment, pipetting is used by the SPS
to transfer a sample from a vial to a destination receptacle.
The amount of sample that is pipetted may be predetermined
by the operator, may be based upon the size of the vial, or
based upon the level of liquid in the vial as determined by a
liquid level sensor. In all instances, a desired amount of liquid
is withdrawn by the specimen transfer pipette assembly from
anuncapped vial and transferred to the destination receptacle.

Destination areas or receptacles may include but are not
limited to filter paper, slides, microarrays, biochips, deep well
filtration plates and multi-well microplates such as 96-deep
well filtration plates, 96-well microplates, 384-well filtration
plates, and 384-well microplates. Destination receptacles
also include a rack of tubes or an array of tubes. A destination
receptacle may be any suitable container that can accept and
hold an aliquot of a liquid specimen. Destination areas or
receptacles may be located in a holding area 8.

In an illustrative embodiment of the SPS, samples loaded
onto the SPS have been previously sampled for analysis.
Depending upon the prior sampling, the amount of sample in
each container may vary from container to container. There-
fore, the quantity of specimen remaining in the sample vial
may be insufficient for further testing and must be deter-
mined. Prior to sampling, the SPS measures the amount of
sample remaining in the container. The amount of sample
may then be determined for sufficiency in performing a down-
stream assay. Additionally, recapping of sample vials by the
SPS after sample removal allows storage, archiving and fur-
ther testing of the sample.

Assemblies of an [llustrative Sample Preparation System

An exemplary embodiment of the sample preparation sys-
tem may include one or more of the following subassemblies:
Input Platform Holding Racks 1, Input Platform 7, Mixing
Basket 2, Vial Handling Arm 4, Staging Platform 3, Capper
Arm 5, Tip Head Assembly with Detector 9, Bar code Reader,
Computer Control.

Input Platform

The input platform supports and moves several removable
input racks. In one embodiment, the input platform is a car-
ousel and the input racks comprise the semi-circular seg-
ments of the illustrative input carousel. These racks are set
upon an input carousel connected to a drive mechanism,
allowing rotation of the input carousel and the input carousel
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racks. Rotation of the input carousel moves samples con-
tained in the input carousel racks so they are accessible to the
robotic vial handler arm 4. The input carousel racks have a
plurality of circular wells sized for holding vials. Each of
these input carousel racks is removable from the input carou-
sel mechanism of the SPS, where normally they rest on top of
the rotatable carousel base. The removable input carousel
racks allow loading of the rack outside the SPS, holding and
organizing vials, and storing vials after runs. Each input car-
ousel rack comprises a semi-circular segment of the whole
input carousel where a complete input carousel is formed
when each of the input carousel racks are placed in the SPS.
A smaller vial rack 6 with a plurality of circular wells for
holding vials containing control solutions and comprising a
smaller segment of the input carousel completes the input
carousel of the SPS.

In alternate embodiments, one or more input platform or
vial racks may have wells of different shapes, sizes, and
dimensions to accommodate various shapes, sizes, and
dimensions of specimen vials in a run or workflow of the SPS.

In yet other embodiments, the input platform and input
platform racks are not circular and may be any shape and may
move in any fashion as long as the vials are accessible to the
various components of the SPS. Additionally, in other
embodiments, the input platform and input platform racks
may be stationary, with access to the vials using the robotic
arms of the SPS.

Vial Handler Arm

Referring to FIGS. 1 and 2, the vial handler arm 4 com-
prises a vial gripping assembly mounted on a vertical drive
mechanism that raises and lowers the assembly. As illustrated
in FIGS. 5A and 5B, in one embodiment, the vial gripping
assembly comprises three gripping fingers 23 spaced equi-
distantly, radially and angularly around an axis where the
gripping fingers are able to come together concentrically to
grasp the cap of a vial 12. The vertical drive mechanism and
vial gripping assembly is in turn mounted to a stationary arm
where a lateral drive mechanism moves the whole assembly
along the length of the arm. This allows the vial handler arm
4 to lower and grasp a vial, raise the vial from its location and
to slide along the arm mount to another location and to lower
and release the vial to a different location. The vial handler
arm 4 grasps and transports vials between the input carousel,
mixing basket, and staging carousel. The vial handler arm
handles vials of any size and of multiple sizes in the same run
or workflow of the SPS.

Mixing Basket

Referring to FIG. 1, vials may be mixed using the mixing
baskets of the sample preparation system. The mixing basket
comprises a basket for holding vials and an eccentric drive
mechanism for agitating the basket. Activation of the drive
shakes the mixing basket and the vials it is holding, resus-
pending the contents of the vials. Vials may be mixed by
offset rotation of the mixing basket drive or by other known
methods. The mixing basket may hold a plurality of vials of
different sizes.

Staging Platform

The staging platform comprises at least one well for hold-
ing a vial and may comprise a plurality of wells for vial
holding and vial gripping. The illustrative SPS incorporates a
staging platform in the embodiment of a staging carousel
having four wells. Each of the wells contains a vial gripping
mechanism so that a vial cap can be removed from a station-
ary vial that is gripped by any of the wells. A drive mechanism
rotates the staging carousel making vials accessible to the
capper robotic arm 5 and for removal of an aliquot of the
contents. A plurality of vial wells allows the handling of
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multiple vials and increases the number of processes that can
be performed simultaneously, such as vial transfer, vial
decapping/recapping and pipetting of vial contents. The stag-
ing platform may be any shape and is not required to be
circular in shape or move. In anillustrative embodiment of the
staging platform, the staging carousel is able to rotate or move
vials to provide access to the capper arm 5, vial handling arm
4, and/or the specimen transfer pipette assembly. A single
motor or actuator drives a cam that tightens a vial-gripping
belt in the well of the staging platform. Rotation of the staging
platform allows vial-gripping in the selected well or wells and
allows all the wells to be capable of vial gripping through the
action of a single motor or actuator. Additional motors, actua-
tors, or cam arrangements may be used to tighten the vial
gripping belt in more than one well at a time.

Additionally, the vial gripper belt is wound around the well
in a counter-clockwise direction from a fixed end to a cam
mounted end so that the belt has the property that it self
tightens during decapping. Therefore, it can uncap vials that
have been tightened to a range of torques up to the force limits
of'the capper. During recapping, the configuration of the vial
gripper belt causes it to loosen at a predetermined torque
setting insuring that the cap is recapped to a consistent torque.
Capper Arm

Vial caps are removed and replaced by the capperarm 5. An
illustrative embodiment of a capper arm 5 comprises a capper
module shown in FIGS. 5A and 5B, mounted on an arm
located above the input platform 7 and staging platform 3.
The module comprises a set of gripper fingers 23 that grasp
the vial cap, a finger drive mechanism 24 to open and close the
fingers, a rotational drive mechanism to rotate the gripper
finger assembly, and a vertical drive mechanism to raise and
lower the gripper finger assembly. The gripper fingers close
by bringing together the three fingers concentrically toward
the center of the gripper finger assembly via the finger drive
mechanism 24. In alternate embodiments, the cap handler
may comprise two opposing fingers that are capable of grip-
ping a vial. To accommodate gripping a round cap, the fingers
may be shaped appropriately or made of materials that allow
sufficient frictional contact between the fingers and the cap.
Curved fingers, fingers that are flexible, fingers coated with an
elastic material are some examples that will allow a two-
fingered cap handler to grasp a round cap. In yet other
embodiments, the cap handler may comprise a one-finger
assembly to grasp a vial. Such a finger may also comprise a
loop or strap that may wrap around a cap and with tightening
of'the loop or strap grip the cap. Tightening of the loop or strap
may be accomplished by rotation of the finger/cap handler or
shortening of the loop or strap.

Decapping of a vial is done by rotating the staging platform
containing a vial until the capper arm 5 is located above the
capped vial. The staging platform well holding the vial tight-
ens to grip the vial as the capper arm 5 lowers, grasps the vial
cap, and rotates to uncap the cap. Once a vial is uncapped, the
staging platform may be rotated to position the open vial
under the specimen transfer pipette to allow access to the vial
contents. As contents of the vial are removed, the cap may be
held by the capper arm 5 until access to the sample contained
in the vial is no longer needed. Recapping of the vial is
performed when the vial is properly located below the capper
arm 5. The process of decapping is reversed and the vial is
recapped. Key parameters such as cap applied torque, cap
insertion force, cap there/not there, cross thread sensing etc.,
may be measured by system sensors and may be adjusted by
the operator and through a workflow control program. The
capper arm can cap/decap vials of any size and of multiple
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sizes in the same run or workflow of the SPS. Vials containing
run controls are frequently of a different size than sample
vials.

In addition to turning caps to decap and holding caps dur-
ing other processes of the SPS, the capper arm 5 is used to
pick up vials and while holding them, rotate them so that abar
code scanner can read the bar code label on the vial.
Specimen Transfer Pipette Assembly

The specimen transfer pipette assembly comprises a tip
head assembly 9 that can be lowered and raised and a pipette
arm 10 to which the tip head assembly is mounted and that
allows both X and Y axis movement and a detector 17. The
pipette tip head assembly is connected via tubing to a pump
that allows the controlled uptake and expulsion of liquids
from the pipette. A detector or sensor 17 is attached to the tip
head assembly 9 and allows the measurement/detection of
fluid levels in a vial. The detector 17 may determine fluid
levels by various methods such as optical, capacitive, imped-
ance, vibration, pressure, radar/microwave, radio frequency,
conductivity, resistance or ultrasonic/sonic. Sensors that do
not require contact with the sample may also be used in
determining the location and presence of objects within the
SPS, such as disposable pipette tips, reagent bottles, waste
bottles and destination receptacles. Any combination of the
various methods may be used by a detector or detectors to
perform measurement/detection and/or determining the loca-
tion of objects within the SPS. An ultrasonic detector is used
in an illustrative embodiment of the SPS. Any suitable ultra-
sonic detector can be used in this embodiment, such as those
available from Cosense, Inc., Hauppauge, N.Y.

Removal of liquid sample from an uncapped vial is per-
formed using a pipette arm assembly which loads a standard
disposable pipette tip onto the tip head assembly 9. The tip
head assembly is able to move to various locations in the SPS:
to pickup a pipette tip, to remove an aliquot of sample from
the vial, to place the aliquoted sample from the pipette into a
sample processing tray or assay plate, and to eject the used tip
into a waste tray. A pipette tip is picked up by movement of the
tip head assembly 9 down onto an available pipette tip, where
it is held by the tip head assembly 9 through friction with the
nozzle 14.

Depending upon the vial size, liquid level in the vial is
determined prior to pipetting or prior to picking up a pipette
tip. If a sufficient amount of liquid is present, based upon
measurement by the ultrasonic detector, the vial contents may
be pipetted. Insufficient levels of liquid will generate an error
message. Overfilled liquid levels will also generate an error
message as this is usually indicative of sample tampering.

A microprocessor or programmable computer can be used
to control every aspect of the operation of the SPS. Assay data
is entered into the computer by touch screen monitor 11,
keyboard, and handheld and built-in barcode scanners. Each
of'the subassemblies of the SPS may be controlled by its own
microprocessor or computer, including the previously
detailed assemblies and additionally the pumping assembly,
heating mechanism, and bar code readers. A logic control
circuit, microprocessor, central microprocessor or any one or
more combination of these may be used to control an SPS
subassembly.

An SPS will have at least one of each of the above compo-
nents. However, additional copies of each of the above com-
ponents will increase the throughput of the processor and may
be used in embodiments of the SPS.

Data entry and function of the SPS are entered using a
touch screen monitor 11, hand-held bar code reader and a
keyboard. Information is displayed on the front panel display
11 of the instrument. Information is processed by an onboard
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microprocessor and is stored locally and can be stored on
networked devices. Additionally, a barcode reader may be
supplemented or replaced with an RFID reader and the use of
RFID tags.

Operation of an Illustrative SPS

Typical functions performed by an illustrative SPS to pro-
cess a single vial are described below.

After a program is initiated, the vial handling arm 4 moves
toward the input platform rack 1 to obtain a vial. The vial
handling arm 4 lowers, grips and lifts a vial, which is then
positioned into the mixing basket. The mixing basket resus-
pends the vial contents. The vial handling arm 4 removes the
shaken vial from the mixing basket and places the vial into the
four-well staging platform.

Rotation of the staging platform moves the vial into a
position accessible to the capper arm 5. The capper arm 5
lowers to grasp the vial. If the vial label was not read earlier by
the primary bar code scanner that scans vials as they are
transported from the input platform rack 1 to the mixer, the
vial is pulled from the staging platform well and rotated in
front of a barcode scanner to read the label and then returned
to the well of the staging platform. While the capper arm 5 is
holding the vial cap, the staging platform grasps the vial,
sufficiently immobilizing it. The capper arm 5 rotates and
removes the vial cap. With the vial cap removed, the staging
platform rotates to allow removal of a sample from the vial.

The specimen transfer pipette assembly moves the tip head
assembly 9 to a pipette tip storage box located in the holding
area 8 and picks up a pipette tip. With a pipette tip in place, the
specimen transfer pipette assembly moves over and above the
uncapped vial. The ultrasonic volume detection sensor on the
specimen transfer pipette assembly determines surface height
and content sufficiency of the uncapped vial contents. The
pipette tip head assembly is lowered into the vial and aspirates
a measured amount of sample. A predetermined volume of
sample is drawn into the pipette tip using a volumetric pump
in communication with the pipette tip via a tube. The tube and
volumetric pump may preferably be at least partially filled
with a substantially incompressible fluid, such as water, and
preferably only has gas in a portion of the tube to create
gaseous interface between the sample drawn into the pipette
tip and the hydraulic fluid in the tube. This arrangement
preferentially assists in drawing a precise and predetermined
volume of liquid by reducing total compressibility of the gas
and liquid in the tube which is used to draw up the sample.
Other means for drawing a predetermined volume include
measuring the level of liquid using a fluid level sensor as a
sample is withdrawn or measuring liquid level before and
after a sample is withdrawn.

With an aliquot of sample contained in the pipette tip, the
specimen transfer pipette moves to a destination plate where
the specimen is dispensed into a plate well. The specimen
transfer pipette then moves to and dispenses any remaining
fluid into the system waste bottle. After all liquid is expelled,
the specimen transfer pipette moves to the tip waste drawer
where the used pipette tip is removed.

After an aliquot of the vial contents has been sampled, the
staging platform moves to the recapping position. The vial
cap that has been held by the capper arm 5 during aliquot
sampling is secured back onto the vial. Once the vial is
recapped, the staging platform moves to the vial pick-up
position. The vial handling arm 4 lowers, grasps the vial, lifts
the recapped vial and returns it to its original input platform
rack well location.

Because the capper arm 5 holds the vial cap during aliquot
sampling and does not place the vial cap down onto a surface,
no cross-contamination of samples occurs through vial cap
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contact. By eliminating cross-contamination, recapped vials
may be stored, archived, and resampled.

Rotation of the input platform rack 1 advances other vials
into position to be processed. Several of the above operations
of'the SPS can be performed concurrently, including transfer
of vials, resuspension of vial contents in the mixer, decap-
ping/recapping, and aspirating/dispensing. With the comple-
tion of a run, the volume of sample dispensed in each desti-
nation receptacle may be verified by the ultrasonic detector
scanning the detection plate for correct volume.

Example 1

An illustrative sample preparation system comprises an
input platform for holding a plurality of vials. The input
platform is shaped to receive individual removable segments
wherein vials may be loaded prior to placement of the input
rack segments into the processor. Up to 88 20 ml vials con-
taining specimens collected in a collection medium or 176 10
ml vials containing specimens collected in a transport
medium may be loaded into input racks and placed onto the
input platform of the instrument for processing, including
transport to the appropriate destination plate(s). The sample
or specimen medium may be PRESERVCYT or SPECIMEN
TRANSPORT MEDIUM. The destination plates may be
96-well microplates or 96-deep well filtration plates, depend-
ing upon the amount of the specimen. Typically, samples
from 20 ml vials may be processed onto the deep well filtra-
tion plates while samples from 10 ml vials are processed onto
the microplates. The input platform and input platform racks
are not required to be circular and may be any shape and may
move in any fashion such that the vials are accessible to the
various components of the SPS. Additionally, the input plat-
form and input platform racks may be stationary, with access
to the samples provided by the movement of the robotic arms.

In operation, a vial handling arm 4 moves to an input
platform 7 containing calibrator/control or samples/speci-
mens. The vial handling arm 4 grasps and lifts a vial, which is
then positioned into a vortex mixer. The vortex mixer re-
suspends vial contents. After vortex mixing, the vial handling
arm 4 places the vial into a four-well staging platform 3. On
transit to the staging platform 3 via the vial handling arm 4,
the vial barcode may be read by a bar code scanner positioned
between the input platform 7 and the staging platform 3.
Rotation of the staging platform 3 moves the vial into a
position accessible to a capper arm 5.

If the vial barcode was not read earlier, the capper arm 5
grasps the vial, pulls it from the well of the staging platform
3, if necessary to expose the bar code on the vial, and rotates
it, allowing a barcode scanner to read the bar code, typically
on a vial label. After placing the vial back into the staging
platform well, a belt is tightened or tensioned around at least
a portion of the circumference of the vial to stabilize the vial
in the staging platform 3 while the capper arm 5 grasps the cap
of the vial and removes the vial cap by rotating the cap in an
opening direction. After the vial cap is removed, the staging
platform 3 rotates the vial out from under the capper arm 5 to
allow access for a specimen transfer pipette to remove sample
or specimen from the vial. The capper arm 5 holds the cap
while the sample or specimen is removed from the vial.

The tip head assembly 9, mounted on an X-Y-Z robot arm
10, moves to the tip box, lowers the tip head assembly into a
disposable specimen tip staging area, and picks up a dispos-
able specimen tip. A sensor confirms that the disposable
specimen tip was successfully picked up. With the disposable
specimen tip in place, the tip head assembly 9 moves over the
uncapped vial in the staging platform. An ultrasonic volume
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detection sensor on the tip head assembly 9 determines sur-
face height and sufficiency of the volume of the contents of
the uncapped vial. As samples to be processed by the SPS
may have been sampled earlier for analysis, measuring the
amount of sample remaining allows tracking of the sample.
The specimen transfer pipette assembly lowers the tip head
assembly 9 until the disposable specimen tip is down into the
vial specimen and aspirates a portion of the sample or speci-
men. With the sample contained in the disposable specimen
tip, the specimen transfer pipette assembly moves the tip head
assembly to a destination plate where the specimen is dis-
pensed into a plate well. The tip head assembly then moves to
and dispenses any remaining fluid into a system waste bottle.
After all liquid is expelled, the tip head assembly moves to a
sensor that confirms that the disposable specimen tip has not
been dropped in transit and ejects the disposable specimen tip
into a tip waste drawer.

After a sample has been removed, the staging platform
moves to a recapping position. The vial cap that has been held
by the capper arm 5 during sample removal is placed back
onto the vial by rotating the cap in a closing direction. Once a
vial is recapped, the staging platform moves to a vial pick-up
position. The vial handling arm 4 then lifts the recapped vial
and replaces it in the original calibrator/control or specimen
input platform position. Rotation of the input platform
advances other vials into position to be processed. After sam-
pling an aliquot, all samples are recapped and returned to the
input platform for storage, archiving, and/or resampling for
further tests.

With the completion of a run, the volume of sample dis-
pensed in each destination plate may be verified by the ultra-
sonic detector scanning the destination plate for correct vol-
ume.

Several of the above operations of the SPS can be per-
formed concurrently on multiple vials, including transfer of
vials, bar code reading, resuspension of vial contents in the
mixer, decapping/recapping, aspirating/dispensing, and vol-
ume confirmation.

The processing of samples and specimens is controlled by
an operator through a graphical user interface (GUI) control
of'the central microprocessor controlling the functions of the
SPS. This allows the selection of the number of plates, plate
layout, mixing time/speed, aspiration/dispense volume, and
other assay protocol and control parameters by the operator.

Once the processing program is initiated, the processing of
samples continues until completion. FError recovery
sequences are incorporated at each step of the processing of
samples and automatically resolve any mechanical problems
during a run or, if operator intervention is required, halt the
instrument’s moving parts and emit an audible alarm and
visual message in order to draw the operator’s attention.

Several operator-selectable workflow programs are avail-
able on the SPS. These workflow programs specify the
parameters that govern plate layout and transfer processes,
including parameters such as destination receptacle type,
calibrator/control parameters (e.g., type, number of dis-
penses), external control parameters (e.g., type, min/max
ratios, % CV, destination receptacle layout (e.g., location in
receptacle for calibrators/controls, specimens designated for
initial testing or retesting, external controls), vial size, cap
type, mixing time and speed, aspirate/dispense volume, retest
replicates, as well as whether or not manually pipetted speci-
mens are allowed.

Workflows are specific to an assay protocol, specimen
type, and processing method. New workflows can be added to
the SPS as new assay protocols are developed. Custom work-
flows can be created by an operator to meet a laboratory’s






